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1
USE OF EUPATILIN

TECHNICAL FIELD

The present invention relates to novel use of eupatilin.
More specifically, the present invention relates to use of eupa-
tilin for the treatment, improvement or prevention of diseases
or conditions which are caused by estrogen deficiency, such
as bone diseases, menopausal disorders, cardiovascular dis-
eases, neurodegenerative diseases and obesity.

BACKGROUND ART

It has been known that eupatilin can be used as a therapeu-
tic agent for treating inflammatory bowel diseases (see
Korean Patent No. 0414453). Eupatilin is also known as a
substance which inhibits the activity of farnesyl transferase,
an enzyme essential for the activation of ras oncogenes and
angiogenesis and therefore can be used as an inhibitor of
oncogene expression, an anti-cancer agent, an inhibitor of
cancer metastasis, and a prophylactic agent for diabetic ret-
inopathy and angiogenesis-related blindness following
keratoplasty (see Korean Patent Application Publication No.
2002-0090672 A1). Further, with respect to anticancer action,
eupatilin is also known to suppress the activity, invasion and
migration of matrix metalloproteinase (MMP) to thereby
inhibit the progression and metastasis of breast cancer (Ko-
rean Patent Application Publication No. 2006-0121998 A1).

Meanwhile, estrogen, a hormone secreted by the ovary,
refers to a steroid compound having a C18 estrane nucleus.
Typically, there are well known 3 types of estrogen: estrone
(E1), estradiol (E2), and estriol (E3). Estrogen is known to
exert a wide variety of effects in numerous organs, in addition
to modulation of menstrual cycles. For example, it regulates
production of cholesterol in the liver, maintains the bone
density in bone, and plays a role in maturation of uterine
walls. In recent years, estrogen has also been found to play an
important role in neuronal cell viability and adipogenesis.

When there is a decline of the body’s estrogen level due to
ovarian failure at the menopause period, this leads to a
decrease in the blood estrogen level, which may result in
common menopausal disorders including hot flashes, sweat-
ing, insomnia, depression and headache, and bone diseases
due to a decreased bone density. Moreover, a decrease in the
body’s estrogen level brings about an increased risk of plaque
formation in the vascular system, resulting in development of
cardiovascular diseases such as atherosclerosis, an increased
incidence of neurodegenerative diseases such as Parkinson’s
disease and Alzheimer’s disease caused by damage to the
neuronal cells, and the occurrence of obesity resulting from
deregulated adipogenesis (Deroo B J, Korach K S. (2006)
“Estrogen receptors and human disease” J Clin Invest. Mar;
116(3):561-70.PMID: 16511588).

Although hormone therapies of administering animal-de-
rived estrogens have been used for ameliorating menopausal
disorders or the like due to such an estrogen level decline, it
has been reported through the extensive randomized placebo-
controlled study by the Women’s Health Initiative (WHI) that
such hormone therapies have potential side effects such as
breast cancer, cardiovascular diseases, stroke, and blood clot-
ting (Rossouw J E, Anderson G L, Prentice R L, et al. (2002).
“Risks and benefits of estrogen plus progestin in healthy
postmenopausal women: principal results From the Women’s
Health Initiative randomized controlled trial”. JAM A 288 (3):
32133. PMID 12117397, Anderson G L, Limacher M, Assaf
AR, et al. (2004). “Effects of conjugated equine estrogen in
postmenopausal women with rhysterectomy: the Women’s

w

10

30

40

45

50

55

60

2
Health Initiative randomized controlled trial”. JAMA 291
(14): 170112. PMID 15082697).

To this end, there is a need for the development of a sub-
stance which exhibits little or no possibility of such side
effects and exerts an estrogenic effect to thereby have thera-
peutic effects on bone diseases, menopausal disorders, car-
diovascular diseases, neurodegenerative diseases and obesity
resulting from estrogen deficiency.

DISCLOSURE OF THE INVENTION
Technical Problem

Therefore, the present invention is intended to provide
novel use of a substance which has little or no possibility of
side effects such as cancer and exerts an estrogenic effect to
thereby have therapeutic effects on bone diseases, meno-
pausal disorders, cardiovascular diseases, neurodegenerative
diseases and obesity associated with estrogen deficiency.

Technical Solution

The present inventors have surprisingly found that eupati-
lin represented by formula 1 below exhibits an estrogenic
activity while exhibiting little or no possibility of side effects.
The present invention has been completed based on these
findings.

[Formula 1]

OCH;

HO o)
OCH;

H;CO

OH (6]

As used herein, the term “estrogenic activity” means an
activity equal or similar to a physiological activity exhibited
by estrogen which is produced in the body of a mammal
including a human.

The present invention provides use of eupatilin in a medi-
cine and/or food for treating, improving and/or preventing at
least one condition selected from a bone disease, a meno-
pausal disorder, a cardiovascular disease, a neurodegenera-
tive disease and obesity.

Further, the present invention provides a pharmaceutical
composition for treating or preventing at least one condition
selected from a bone disease, a menopausal disorder, a car-
diovascular disease, a neurodegenerative disease and obesity,
comprising eupatilin as an active ingredient.

The eupatilin is a known compound represented by for-
mula 1, which may be synthetic or isolated from natural
products containing eupatilin and which may be domestically
produced or commercially available. The eupatilin may be in
the form of its pharmaceutically acceptable salt, solvate, or
prodrug.

At least one condition selected from the aforementioned
bone disease, menopausal disorder, cardiovascular disease,
neurodegenerative disease and obesity may be due to estro-
gen deficiency, and the estrogen deficiency may be due to at
least one selected from ovariectomy and menopause.
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The bone disease may be preferably at least one condition
selected from osteoporosis, osteopenia and a periodontal dis-
ease.

The cardiovascular disease may be atherosclerosis.

The neurodegenerative disease may be at least one condi-
tion selected from Parkinson’s disease and Alzheimer’s dis-
ease.

The treatment or prevention may be achieved by the estro-
genic activity of eupatilin, and the estrogenic activity may be
a selective estrogenic activity.

The selective estrogenic activity may be an activity having
an estrogenic activity but selectively inhibiting cancer cell
growth, and the cancer cell may be a breast cancer cell or an
endometrial cancer cell.

The estrogenic activity may be achieved by the action of
eupatilin as an agonist for estrogen receptor f3, preferably as a
tissue-selective agonist. The term “tissue-selective agonist”
means that it acts as an agonist selectively depending on types
of tissue.

The treatment or prevention of the bone disease may be
achieved by an increase in the osteogenic activity of eupatilin.

The composition of the present invention may contain 0.1
t0 99.9% by weight of the aforementioned active ingredient
based on the total weight of the composition.

Further, the present invention provides a food composition
for improving or preventing at least one condition selected
from a bone disease, a menopausal disorder, a cardiovascular
disease, a neurodegenerative disease and obesity, comprising
eupatilin as an active ingredient.

Unless otherwise indicated, the same details as mentioned
in the pharmaceutical composition of the present invention
shall also apply to the food composition, as long as there is no
contradiction therebetween. The “improving” is encom-
passed by the “treating” and refers to amelioration of the
condition or symptoms.

The food composition may be variously included in food
products including drinks, and may be present in the form of
adrink, gum, tea, health functional food or the like. The health
functional food may be formulated into dosage forms such as
tablets, capsules, etc. The term “health functional food” as
used herein refers to a food product which is manufactured
(including processing, the same also applies hereinafter)
using raw materials or ingredients having functionalities ben-
eficial for humans, as defined in the Korean Health Functional
Food Act No. 10219. The term “functional” as used herein
means that it is taken for the purpose of controlling nutrients
with respect to structures and functions of the human body or
of obtaining effects beneficial for health care, such as physi-
ological effects. The food composition may include conven-
tional food additives. Examples of the food additives include
chemical synthetic products such as ketones, glycine, sodium
citrate, nicotinic acid and cinnamonic acid; natural additives
such as persimmon color, licorice extract, crystalline cellu-
lose, kaoliang color and guar gum; and compound additives
such as sodium L-glutamate, alkali additives for noodles,
preservatives, and tar color.

The present invention further provides a method for treat-
ing or preventing at least one condition selected from a bone
disease, a menopausal disorder, a cardiovascular disease, a
neurodegenerative disease and obesity, comprising adminis-
tering eupatilin to a mammal in need thereof including a
human. The present invention further provides use of eupati-
lin in the manufacture of a preparation for treating or prevent-
ing at least one condition selected from a bone disease, a
menopausal disorder, a cardiovascular disease, a neurodegen-
erative disease and obesity. The eupatilin to be administered
may be an effective amount of eupatilin.
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4

Unless otherwise indicated, the same details as mentioned
in the pharmaceutical composition of the present invention
shall also apply to methods and uses of the present invention,
as long as there is no contradiction therebetween.

The eupatilin or composition may be orally or parenterally
administered to a mammal including a human, in the form of
asuitable dosage form which is formulated by blending active
ingredients in combination with pharmaceutically acceptable
carriers.

Further, diluents or excipients conventionally known and
used in the art, such as a filler, an extender, a binding agent, a
wetting agent, a disintegrating agent and a surfactant, may be
used upon the formulation of the eupatilin or composition
into a desired dosage form. A solid preparation for oral
administration includes a tablet, a pill, a powder, a granule, a
capsule, etc., and such a solid preparation is formulated by
mixing the composition of the present invention with at least
one excipient such as starch, calcium carbonate, sucrose,
lactose, and/or gelatin. Additionally, a lubricant such as mag-
nesium stearate or talc may also be used. A liquid preparation
for oral administration includes a suspension, a liquid for
internal use, an emulsion, syrup, etc. In addition to a fre-
quently used simple diluent such as water or liquid paraffin,
the liquid preparation may contain a variety of excipients
such as a wetting agent, a sweetening agent, a fragrance
and/or a preservative. A preparation for parenteral adminis-
tration includes an injectable solution, a suspension, an emul-
sion, a freeze-dried formulation, a nasal lavage fluid and a
suppository. The injectable solution, suspension and emul-
sion may be prepared by mixing active ingredients with water,
a non-aqueous solvent or a suspension solvent. Examples of
the non-aqueous solvent or suspension solvent that may be
used herein include propylene glycol, polyethylene glycol,
vegetable oil such as olive oil, injectable ester such as ethyl
oleate, or the like. As a base for the suppository, Witepsol,
macrogol, Tween 61, cacao butter, laurin butter, glycerol,
gelatin or the like may be used. Upon parenteral administra-
tion, subcutaneous, intravenous or intramuscular injection is
possible.

Eupatilin which is included in the composition of the
present invention or is used for uses and methods of the
present invention may be administered once or several times
at a daily dose of 0.0001 to 100 mg/kg, preferably 0.001 to
10mg/kg for adult female. However, the scope of the present
invention is not limited to the above-specified dose and medi-
cation frequency.

The eupatilin may be formulated into a dosage form with
addition of pharmaceutically or sitologically acceptable car-
riers, excipients or diluents. For example, the details of for-
mulation into dosage forms can be found in Remington’s
Pharmaceutical Sciences (latest edition), Mack Publishing
Company, Easton, Pa.

Advantageous Effects

The present invention enables effective treatment,
improvement and/or prevention of at least one condition
selected from a bone disease, a menopausal disorder, a car-
diovascular disease, a neurodegenerative disease and obesity,
with little or no risk of side effects such as cancer.

DESCRIPTION OF THE DRAWINGS

FIG. 1 s a graph showing the results of the luciferase assay
for confirming effects of estrogen (E2) on breast cancer cells
(MCF-7 cell line).
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FIG. 2 is a graph showing the results of the luciferase assay
for confirming eftects of estrogen (E2) on endometrial cancer
cells (Ishikawa cell line).

FIG. 3 is a graph showing the results of the luciferase assay
for confirming effects of eupatilin on breast cancer cells
(MCF-7 cell line).

FIG. 4 is a graph showing the results of the luciferase assay
for confirming effects of eupatilin on endometrial cancer cells
(Ishikawa cell line).

FIG. 5 is a graph showing the results of the luciferase assay
for confirming effects of estrogen on osteoblastic cells.

FIG. 6 is a graph showing the results of the luciferase assay
for confirming effects of eupatilin on osteoblastic cells.

MODE FOR INVENTION

Now, the present invention will be described in more detail
with reference to the following examples and preparation
examples. These examples and preparation examples are pro-
vided only for illustrating the present invention and should
not be construed as limiting the scope and spirit of the present
invention.

EXAMPLE 1
Estrogenic Activity of Eupatilin

Itis well known that substances with estrogenic activity are
effective for bone diseases, menopausal disorders, cardiovas-
cular diseases, neurodegenerative diseases and obesity due to
estrogen deficiency (see Estrogen receptors and human dis-
ease. Deroo B I, Korach K S. J Clin Invest. 2006 March;
116(3):561-70. Review. PMID: 16511588). Therefore, by
confirming through the following experiments that eupatilin
displays an estrogen-like activity in a variety of estrogen-
responsive cells, eupatilin was demonstrated to be effective
for bone diseases, menopausal disorders, cardiovascular dis-
eases, neurodegenerative diseases and obesity.

1-1. Preparation of Eupatilin

Eupatilin (5,7-dihydroxy-3',4',6-trimethoxyflavone; CAS
Registry Number: 22368-21-4), which had been prepared
from Artemisia princes using known processes of isolation,
purification, and confirmation of the structure and purity (see
Inhibitory effect of eupatilin and jaceosidin isolated from
Artemisia princeps on carrageenan-induced inflammation in
mice. J Ethnopharmacol. 2009 Sep. 25; 125(3):497-500;
etc.), was provided by courtesy of Prof. Dr. Baek, Nam-In
(Kyung Hee University, South Korea). Specifically, Artemi-
sia princes Pampanini collected in the field of GangHwa-Do,
South Korea was deposited as a voucher specimen
(KHUO05067) with the Natural Products Chemistry Labora-
tory at Kyung Hee University. The same kind of Artemisia
princeps Pampanini as the deposited specimen was extracted
with 80% ethanol, evaporated under reduced pressure, sus-
pended in water and then extracted with ethyl acetate
(EtOAc). The ethyl acetate fraction was chromatographed on
silica gel (4 cmx20 cm) eluting with a stepwise gradient of
n-hexane and EtOAc (7:1, 5:1, 3:1, 1:1, v/v) to give 20 frac-
tions (SSE-1 to SSE-20). Fraction 16 (SSE-16) was subjected
to re-fractionation using a solvent pair of CHCl;-MeOH (30:
1, v/v) to afford Compound 1 (SSE-16-4). Compound 1 was
identified to be eupatilin, based on physicochemical proper-
ties, spectroscopic analysis, and comparison with the results
of literature. The purity was analyzed using a HPL.C system
(Young Lin Instrument Co., Ltd., South Korea) and was more
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than 95%. Eupatilin: yellowish powder. mp 226-228° C.; IR
(KBr,cm™1)3390, 3266, 1655, 1514; EI-MS m/z (70 eV): 344
[M™]

1-2. Preparation of Cells

MCF-7 (estrogen receptor-positive human breast cancer
cell line), Ishikawa (estrogen receptor-positive endometrial
cancer cell line), and MG-63 (human osteosarcoma; osteo-
blast-like cell line) were obtained from the American Type
Culture Collection (ATCC). BG-1 (uterine cancer cell line)
was furnished by courtesy of Dr. Korach (NIH, USA). Cells
were cultured in a Dulbecco’s modified Eagle’s medium
(DMEM) containing 10% fetal bovine serum (FBS), 100
U/ml penicillin and 100 U/ml streptomycin, at 37° C. and 5%
CO..

1-3. Luciferase Assay

The luciferase assay is an assay of estimating an estrogenic
activity by measuring the degree of a luciferase activity gen-
erated upon binding of a substance having an estrogenic
activity to an estrogen receptor. This assay was carried out in
the following procedure. Unless otherwise specified, the
reagents used were purchased from Gibco (Karlwruhe, Ger-
many).

The luciferase reporter plasmid used was 3xERE TATA
Iuc. (Addgene, Cambridge, USA). In order to control trans-
fection efficiency, phRenilla-luciferase-CMV (Promega,
Mannheim, Germany) as an internal control plasmid was
co-transfected. Cells were cultured at a density of 2x10°
cells/well in a 6-well plate, in a phenol red-free DMEM
(Dulbecco’s modified Eagle’s medium) supplemented with
100 U/ml penicillin, 100 mg/ml streptomycin, 1 mM sodium
pyruvate, 1 mM glutamine, and 10% charcoal dextran-treated
fetal bovine serum (FBS). After the cells were cultured to a 50
to 60% confluence, the medium was removed, the cells were
placed at 37° C. and 5% CO, for 6 hours on a serum-free
OPTI-MEM medium containing plasmid DNA constructs
and 2 pg/ml of polyethyleneimine (PEI), according to the
manufacturer’s instructions. 1 pg/well of 3XxERE TATA luc
and 100 ng of a phRL-CMV plasmid were subjected to trans-
fection.

After the period of transfection, the medium was replaced
with a phenol-free DMEM supplemented with 10% charcoal
dextran-treated FBS, and the cells were cultured at37° C. and
5% CO, overnight prior to treatment of eupatilin.

After 18 hours of culture, the medium was replaced with a
eupatilin-containing medium. The proteins were extracted 24
hours later, and firefly and renilla luciferase activities were
measured on a luminometer (Molecular Devices, Sunnyvale,
Calif.) using a Dual Luciferase Assay kit (Promega, Madison,
Wis.) according to the manufacturer’s instructions.

All experiments were carried out in triplicate and were
repeated at least three times. For the luciferase assay, total cell
lysates were prepared, the firefly luciferase activity was
assayed and normalized to the renilla luciferase activity
according to the manufacturer’s instructions (Promega). Fur-
ther, in order to knock down the cell levels of specific pro-
teins, cells with co-transfection of small interfering RNAs
(siRNAs) together with 3xERE TATA luc and phRL-CMV
were prepared and subjected to the same treatment of eupa-
tilin or the like as in the cells which were not treated with
siRNAs. The siRNAs used were purchased from Bioneer
Corporation (Daejeon, South Korea) and treated at a concen-
tration of 50 nM. The “siERa” means siRNA which inhibits
the expression of ERa, and the “siER[” means siRNA which
inhibits the expression of ERf.

For comparative purposes, a group treated with estrogen,
i.e., 17-f-estradiol (hereinafter, referred to simply as “E2”) in
place of eupatilin was taken as a comparative group, and a
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non-treated group subjected to the same treatment as in the
eupatilin-treated group, except that there was no treatment
with eupatilin or E2, was served as control.

Treatment concentrations of eupatilin and E2 are shown in
the following tables, in which the luciferase activity is given
in terms of a relative fold activity, given that the luciferase
activity for the non-treated group is 1 as a baseline.

The luciferase assay results for various types of cells are
given in the following tables. Table 1 shows the results for
MCF7 cell line, Table 2 shows the results for BG-1 cell line,
Table 3 shows the results for Ishikawa cells, and Table 4
shows the results for MG63 cell line.

TABLE 1

Group (conc.)

5

10

15

8

pausal disorders, cardiovascular diseases, neurodegenerative
diseases or obesity which may be caused by estrogen defi-
ciency.

EXAMPLE 2

Side Effect Inhibitory Effects by Selective
Estrogenic Activity of Eupatilin

The following experiments were carried out to verify
inhibitory effects of eupatilin on cancer or the like which is a
side effect that may be produced upon application of conven-
tional animal-derived substances with estrogenic activity.

2-1. Cancer Cell Growth Inhibitory Effects

Cell viability was estimated by the MTT (3-[4,5-dimeth-
ylthiazol-2-yl]-2,5-diphenyltetrazolium bromide; Sigma-Al-
drich) assay to confirm cancer cell growth inhibitory effects

Not E2 Eupatilin Eupatilin Eupatilin of eupati]in,
freated  treated freated freated freated MCEF?7 breast cancer cells were seeded onto a 96-well plate
© (o M) ©O0tugmh) Olpgmb (Apgmb 50 o404 incubated for 24 hours. The cells were treated with 10~M
Luciferase 1.0 2.8 24 2.3 2.8 or 107"M E2 or with 0.1 pg/ml or 1 ug/ml of eupatilin for 48
activity hours. On the day of collection, 50 ul of MTT solution (5
(-fold) mg/ml in PBS) was added to the medium, followed by incu-
bation at 37° C. for 4 hours. The MTT-containing medium
25 was removed and the cells were solubilized in DMSO (100 pl)
TABLE 2 for 30 min. The cell viability was determined in terms of an
optical density at 540 nm using a microplate spectrophotom-
Group (cone.) eter (SpectraMax; Molecular Devices, Sunnyvale, Calif.).
Not B Eupatilin Eupatilin  Eupatilin Ethanol which is a vehicle was served as control for the
treated  treated treated treated treated  -C E2-treated group, and DMSO was served as control for the
©  (107'M) (0.0lpgml) (0.1 pg/ml) (1 pg/ml) eupatilin-treated group.
Luciferase 10 a1 2o 13 S The viability is expressed in terms of a relative. ra.tio by
activity taking a value of the control to be 100, and the lethality is also
(-fold) expressed in terms of a relative ratio by taking a value of the
35 control to be 100.
The results are given in the following tables. Table 5 shows
TABLE 3 the results conﬁrmipg the viability of the breast cancer cell
line when treated with estrogen (E2), and Table 6 shows the
Group (conc.) results confirming the lethality of the breast cancer cell line
40 when treated with eupatilin.
Not E2 Eupatilin Eupatilin Eupatilin
tre(é(l)t)ed (frgfﬁ\i) (o.gf apt;iml) (o.tfestgfnl) (1tr z;t/fgl) TABLE 5
Luciferase 1.0 2.1 1.4 1.9 2.9 Group (conc.)
activity 45
(-fold) Not
treated E2 treated E2 treated
(©) (1078 M) (107" M)
TABLE 4 gzli;ﬁ?‘igty 0 18.5 214
50 to control)
Group (conc.)
Not E2 Eupatilin Eupatilin Eupatilin
tre(é(l)t)ed (frgfﬁ\i) (o.gf apt;iml) (o.tfestgfnl) (1tr z;t/fgl) TABLE 6
Luciferase 1.0 1.5 2.1 1.7 1.6 55 Group (conc.)
activity
(-fold) Not Eupatilin Eupatilin
treated treated treated
© (0.1 pg/ml) (1 pg/ml)
As shown from the results of Tables 1 to 4, eupatilin exhib- Cell lethality 0 215 245
ited an activity similar to that of estrogen, i.e., estradiol (E2), (% relative
in a variety of estrogen-responsive cells, i.e., breast cancer to control)
cells, uterine cancer cells, endometrial cancer cells, and
osteoblasts. 2-2. Cancer Cell Growth Inhibition Mechanism
From these results, it is demonstrated that eupatilin exhib- 65  Utilizing the results for siRNA-treated cancer cells

iting an estrogenic activity is effective for the treatment,
improvement and/or prevention of bone diseases, meno-

obtained in the luciferase assay conducted in Section 1-3, an
attempt was made to elucidate the cancer cell growth inhibi-
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tion mechanism by confirming effects of eupatilin on cancer
cells in which expression of ERa was inhibited by treatment
of siERa or cancer cells in which expression of ERf} was
inhibited by treatment of siER. “E2” is for being treated at a
concentration of 10~7 M, and “Eupatilin” is for being treated
at a concentration of 0.1 or 1.0 pg/ml.

The results obtained are shown in FIGS. 1 to 4.

FIG. 1 illustrates the results for treatment of estrogen (E2)
on breast cancer cells (MCF-7 cell line), FIG. 2 illustrates the
results for treatment of estrogen (E2) on endometrial cancer
cells (Ishikawa cell line), FIG. 3 illustrates the results for
treatment of eupatilin on breast cancer cells (MCF-7 cell
line), and FIG. 4 illustrates the results for treatment of eupa-
tilin on endometrial cancer cells (Ishikawa cell line). Refer-
ring to FIGS. 1 to 4, “CON” represents a non-siRNA treated
group, “siERa” represents a group treated with siRNA which
inhibits ERa expression, and “siERf” represents a group
treated with siRNA which inhibits ER[} expression. Addition-
ally, referring to FIGS. 1 and 2, “~” means “E2 not treated”
and “+” means “E2 treated”, and referring to FIGS. 3 and 4,
“~” means “eupatilin not treated”, and each of “0.1” and “1”
means “treated with 0.1 ng/ml of eupatilin® or “treated with
1.0 pg/ml of eupatilin™.

As shown in FIGS. 1 to 4, it can be seen that estrogen (E2)
largely induces cell proliferation via only ERa as a cell
growth factor, in breast cancer cells and endometrial cancer
cells, whereas eupatilin acts equally on both ERa and ERp.
That is, it can be seen that, in addition to as an agonist for
estrogen receptor ., eupatilin also acts as an agonist for
estrogen receptor f§ in cancer cells.

From the results of Sections 2-1 and 2-2, it can be seen that
eupatilin inhibits, unlike estradiol, cancer cell growth, this is
because estradiol acts largely on only ERa, whereas eupatilin
acts also on ERp in breast cancer cells and endometrial cancer
cells, which inhibits ERa-mediated effects to suppress the
proliferation of cancer cells. This has also been supported by
previous study results (see Deroo B J, Korach K S. (2006)
“Estrogen receptors and human disease” J Clin Invest. March;
116(3):561-70.PMID: 16511588).

Accordingly, it is demonstrated that eupatilin has a little or
lower possibility of inducing cancer such as breast cancer or
endometrial cancer and, on the contrary, inhibits the occur-
rence of such cancer to thereby result in no or lower risk of
side effects exhibited by estrogen such as estradiol.

EXAMPLE 3
Bone Loss Inhibitory Effect of Eupatilin

By confirming that eupatilin has an effect of increasing a
bone density in osteoblastic cells, effectiveness of eupatilin
for bone diseases associated with estrogen deficiency, such as
osteoporosis, osteopenia or periodontal diseases, was dem-
onstrated in the following manner.

3-1. Bone Density-Increasing Effect of Eupatilin in Osteo-
blastic Cells

The ALP activity in MG-63 cells treated with eupatilin was
measured to confirm that eupatilin enhances a bone density in
osteoblastic cells. Since osteoblasts specifically exhibit an
alkaline phosphatase (ALP) activity when undergoing cell
differentiation, measurement of the ALP activity makes it
possible to confirm cell differentiation and differentiation
degree of osteoblasts. Based on the fact that ALP degrades
p-nitrophenylphosphate into p-nitrophenol and phosphate,
effects of eupatilin on osteoblasts were observed by measur-
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ing an ALP activity in terms of an absorbance ratio between
the absorbance of each substance and the absorbance of the
control at 405 nm.

Specifically, MG-63 cells were seeded and stabilized for 18
hours, and thereafter E2 was treated at a concentration of
10~"M, whereas eupatilin was treated at a concentration of
0.2 or 2.0 ug/ml. After 24 hours of the treatment, lysates were
prepared and slowly shaken for 30 min. Then, the ALP activ-
ity was assayed by measuring the release of p-nitrophenol
from p-nitrophenylphosphate (20 mM in 1M diethanolamine
buffer supplemented with MgCl, at pH 9.8). The absorbance
was measured at 405 nm. The standard curve was drawn using
various concentrations of bovine serum albumin (BSA;
Sigma) within the range of 0 to 0.1 U/ml PBS-T. The ALP
values were adjusted for the protein content of the corre-
sponding cell lysates. The cultures protein content was quan-
tified by means of a bicinchoninic acid protein assay (Thermo
Scientific). The results obtained were compared with those of
the control to which only BSA was added at a concentration
0t 100 nM and no specimen was added.

The results are given in Table 7 below. Table 7 shows the
results confirming effects of eupatilin on ALP activity in the
MG-63 cell line.

TABLE 7
Group (conc.)
Not E2 Eupatilin Eupatilin
treated treated treated treated

0) (1077 M) (0.2 pg/ml) (2.0 pg/ml)
ALP activity 0 18.1 20.5 60
(% relative
to control)

As shown in Table 7, it can be seen that eupatilin, similar to
estrogen (E2), increases an ALP activity in osteoblastic cells
and the activity is increased in a dose-dependent manner.

An increased ALP activity in osteoblastic cells indicates
active differentiation of osteoblasts. Thus, it is demonstrated
that eupatilin is effective for estrogen deficiency-related bone
diseases such as osteoporosis, osteopenia or periodontal dis-
eases.

3-2. Bone Density-Increasing Mechanism of Eupatilin in
Osteoblastic Cells

Utilizing the results for siRNA-treated MG-63 cells
obtained in the luciferase assay conducted in Section 1-3, an
attempt was made to elucidate the mechanism by confirming
effects of eupatilin on osteoblastic cells in which expression
of ERa was inhibited by treatment of siERa or osteoblastic
cells in which expression of ERf} was inhibited by treatment
of siERP. “E2” is for being treated at a concentration of 1077
M, and “Eupatilin” is for being treated at a concentration of
0.1 or 1.0 pg/ml.

The results obtained are shown in FIGS. 5 and 6. FIG. 5
illustrates the results for treatment with estrogen (E2), and
FIG. 6 illustrates the results for treatment with eupatilin.
Referring to FIGS. 5 and 6, “CON” represents a non-siRNA
treated group, “siERa” represents a group treated with
siRNA which inhibits ERa expression, and “siERB” repre-
sents a group treated with siRNA which inhibits ER} expres-
sion. Additionally, referring to FIG. 5, “~” means “E2 not
treated” and “+” means “E2 treated”, and referring to FIG. 6,
“~” means “eupatilin not treated”, and “+” means “eupatilin
treated”.

As shown in FIGS. 5 and 6, it can be seen that eupatilin also
acts selectively on ERp, similar to that estrogen (E2) acts
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selectively on ERf} in osteoblastic cells. Based on the fact that
estrogen (E2) acts selectively on ERp to increase a bone
density in osteoblastic cells (see Medicarpin, a legume phy-
toalexin, stimulates osteoblast differentiation and promotes
peak bone mass achievement in rats: evidence for estrogen
receptor -mediated osteogenic action of medicarpin, J Nutr
Biochem. 2011, PMID: 21333515; Estrogen receptor-beta
modulates synthesis of bone matrix proteins in human osteo-
blast-like MG63 cells. J Cell Biochem. 2003 PMID:
12682916), it can be seen that eupatilin also acts selectively
on ERP to enhance a bone density in osteoblastic cells. That
is, it can be seen that eupatilin acts as an agonist for estrogen
receptor f§ in osteoblastic cells, and serves as an organ-selec-
tive agonist which selectively acts particularly in organs such
as bone.

From the results of Sections 3-1 and 3-2 above, it is dem-
onstrated that eupatilin, like estrogen (E2), acts selectively on
ERf in osteoblastic cells to increase a bone density in osteo-
blastic cells.

Therefore, it can be seen that eupatilin is effective for
estrogen deficiency-related bone diseases such as osteoporo-
sis, osteopenia or periodontal diseases.

As a result, it can be seen that, as reviewed in Examples 1
to 3, eupatilin functions in an organ-selective manner and is
therefore effective for bone diseases while producing little or
no risk of side effects exhibited by estrogen such as estradiol.

Accordingly, it is demonstrated that eupatilin is effective
for the treatment, improvement and/or prevention of at least
one condition selected from bone diseases including
osteoporosis, osteopenia or periodontal diseases, menopausal
disorders, cardiovascular diseases including atherosclerosis,
neurodegenerative diseases including Parkinson’s disease
and Alzheimer’s disease, and obesity.

PREPARATION EXAMPLE 1
Manufacture of Pharmaceutical Composition

300 mg of eupatilin prepared in the same manner as in
Example 1-1, 100 mg of corn starch, 100 mg of lactose, and 2
mg of magnesium stearate were filled in a gelatin capsule to
give a capsule.
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PREPARATION EXAMPLE 2

Manufacture of Food Composition

Eupatilin (4% by weight) prepared in the same manner as
in Example 1-1, liquid fructose (0.5% by weight), oligosac-
charide (2% by weight), sugar (2% by weight), salt (0.5% by
weight) and a balance of water were homogeneously mixed
and flash pasteurized to prepare a health drink.

INDUSTRIAL APPLICABILITY

The present invention is capable of providing effective
treatment, improvement and/or prevention of at least one
condition selected from bone diseases, menopausal disorders,
cardiovascular diseases, neurodegenerative diseases and obe-
sity while producing little or no possibility of side effects such
as cancer, and is therefore industrially applicable.

What is claimed is:

1. A method for treating hot flashes, wherein the hot flashes
are caused by estrogen deficiency, comprising administering
an effective amount of eupatilin to a mammal in need thereof,
wherein the treatment is achieved by estrogenic activity of
eupatilin.

2. A method for treating hot flashes, comprising adminis-
tering an effective amount of eupatilin to a mammal in need
thereof, wherein the treatment is achieved by estrogenic
activity of eupatilin, wherein the estrogenic activity is a selec-
tive estrogenic activity.

3. A method for treating hot flashes, comprising adminis-
tering an effective amount of eupatilin to a mammal in need
thereof, wherein the treatment is achieved by estrogenic
activity of eupatilin, wherein the estrogenic activity is
achieved by eupatilin acting as an agonist for estrogen recep-
tor f3.



